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pable of more critical analyses of 
management alternatives. 

Challenges to Managers 
More sophisticated models do not 
mean that the range manager or the 
wildlife or fisheries biologist of the fu- 
ture wül simply be a mechanic 
punching keys at a computer termi- 
nal. On the contrary, the life of the 
professional natural-resource manager 
will be more exciting and challenging 
because of the vastly superior infor- 
mation base to work with and the 
tools to use that information properly. 
Data bases, habitat capability models, 
and simulation models will supple- 
ment the resource manager's knowl- 
edge, not replace it. 

There will stiU be hard choices to 
make. Natural resource managers will 
still face a dilemma: how to arrive at 
the best decision when many of the 
socioeconomic variables, so important 
in the decisionmaking process, re- 
main intangible. They can't have 
more of everything. Compromise will 
remain a must. Effective integrated 
management requires decisions 
which implement Federal and State 
laws and balance resource outputs 
with public needs and desires. 

Resource management will not be 
integrated without soul searching, 
conflict, and goal setting. Data bases 
and models will vastly help with sort- 
ing information, identifying alterna- 
tives, evaluating consequences of 
those alternatives, forecasting, and so 
forth. But they are only tools; they 
alone will not integrate the manage- 
ment process. Professional, trained 
resource managers are still the opera- 
tive element. Only through a con- 
certed effort by the trained manager 
will aU resources be integrated and 
true multiple-use management be re- 
alized. Through research today, the 
resource manager of forests and 
rangelands of the future wül have the 
tools to breach the maze. 
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One-third of our Nation's total 
land area is covered by forests, 

and nearly tw^o-thirds of this forest is 
capable of growing continuous crops 
of trees and other forest products. 
The full benefits from this renewable 
resource, however, cannot be realized 
without proper forest management 
supported by a dynamic research pro- 
gram. Management programs are 
often judged to be good or bad based 
on how they affect development of a 
forest and whether this forest pro- 
vides the mix of goods and services 
required by our society. 

Forest land managers have long 
vv^ished for a view of the future forest 
that reflects the consequences of 
their management decisions. Today, 
the application of computer technol- 
ogy to the quantitative analysis of the 
forest resource gives the land man- 
ager that look into the future. Future 
advances in mathematical modeling 
and our understanding of the biologi- 
cal aspects of the forest wiU increase 
the precision and reliability of this 
forecasting. 

Contputei' Models 
To a large measure, forest land man- 
agement has historically been based 
on our ability to estimate changes in 
tree growth and volume yield (pro- 
ductivity) in response to specific süvi- 
cultural treatments. In the last two 
decades, research has developed 
growth and yield prediction methodol- 
ogy using new computer technology 
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and greater analytical expertise. 
Much of the advancement in this 
area occurred because of the need for 
more accurate predictions of produc- 
tivity to avoid costly errors and con- 
troversy and to increase the precision 
of forest-management planning. Ad- 
vancement also has been in response 
to increasing numbers of knowledge- 
able users and new areas of applica- 
tion. Traditional yield tables that em- 
phasized merchantable timber 
(because wood was the primary rea- 
son for investment) are being re- 
placed by highly sophisticated com- 
puter models that consider wildlife 
habitats, watershed protection, recre- 
ation, pest management, and esthet- 
ics, as well as timber values. A dis- 
cussion of models to simulate the 
natural and modified development of 
the forest and their use in making 
forest land-management decisions 
follows. 

Information Needed, What in- 
formation about a forest is needed to 
model its growth and yield? The fu- 
ture of a forest depends on regenera- 
tion—the establishment of seedlings; 
tree growth as expressed by diameter, 
height, and volume measurements; 
and tree mortality. Development of 
these models also requires knowledge 
of forest dynamics and the analytical 
tools for summarizing, analyzing, and 
recording the complex biological in- 
teractions that characterize the forest 
ecosystem. The task of simulating the 
growth and development of the forest 
becomes even more complex when 
managers want to see what may hap- 
pen if they engage in various man- 
agement activities. 

Fortunately, numerous models have 
been developed to describe the pres- 
ent forest and predict its response to 
change resulting from human activi- 
ties and natural events. Using these 
computerized models, an inventory of 
the forest, and a "what if" approach 
to the decisionmaking process, forest 

land managers can now generate al- [ 
temative forest-management solutions 
to many complex problems. But, the 
selected course of action is still based 
on the manager's expertise; the 
model and computer program are 
only tools facilitating the decision 
process. 

Future Model Uses, In the fu- 
ture, forest managers will use models 
to characterize the resource, predict 
the future growth and development of 
the forest, and examine the likely 
consequences of management activi- 
ties with greater and greater preci- 
sion. In addition, models will predict 
the impacts of insects and diseases on 
forest development. These will aHow 
the manager to evaluate quickly and 
economically the cost and potential 
benefits of alternative pest-manage- 
ment methods, including the use of 
genetically resistant planting stock. 
The integration of pest-management 
and forest-growth models will permit 
the manager to compare both forest- 
management and pest-control strate- 
gies in terms of volume growth over 
time. 

Genetics research will develop pro- 
cedures to quantify improvements in 
tree growth and pest resistance in 
such a way that they can be incorpo- 
rated into yield-prediction systems. 
Inclusion of genetic gain information 
into growth and yield models will per- 
mit estimates of increased production 
based on differences between geneti- 
cally improved and nonimproved 
planting stock growing under various 
cultural treatments. With these ge- 
netic gain benefit estimates, forest 
land managers can assess the poten- 
tial value of improved planting stock 
("super" trees) in their operations and 
determine how and when to modify 
management practices to maximize 
economic returns. 

Increasingly, regeneration estab- 
lishment models will be used to pre- 
dict expected results of regeneration 
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prescriptions and project the growth 
and development of seedlings into the 
mature forest. Combined with appro- 
priate growth models, managers will 
be able to test site-preparation treat- 
ments, evaluate the need for supple- 
mentary planting or seeding, and 
project not only the number of seed- 
lings surviving but also the species 
composition of the new forest. 

Other models will become available 
that tie silviculture to wildlife and 
watershed management concerns, in- 
cluding descriptions of the predicted 
understory species, animal habitat re- 
quirements, and hydrologie relation- 
ships. Use of such models will permit 
land managers to consider (1) how 
the planned management of the trees 
wiU affect the wildlife habitat values 
of the forest and the hydrologie char- 
acteristics of the watershed, and 
(2) how managing for these resources 
will affect the development of trees. 

Finally, the usefulness of these ad- 
vanced models as tools for making 
land-management decisions wiU be 
greatly reinforced when they are 
Hnked with economic models. Here 
the manager of the future wiH supply 
the current resource values and the 
related costs of management and the 
computer will calculate revenues. 
Economic analyses wHl include dis- 
counted costs and incomes, net pres- 
ent value, the benefit/cost ratio, and 
internal rates of return for the various 
management strategies. 

information for the purpose of making 
decisions, that is, decision support. 
Complete stand analysis and prescrip- 
tion procedures will be developed that 
not only provide a systematic way of 
measuring and evaluating critical 
conditions but also use data to arrive 
at recommended treatment alterna- 
tives. Using forest inventory informa- 
tion, a computer program wiU do the 
entire job of analysis, prescription, 
and report preparation. Such a deci- 
sion-support system, Mke other for- 
estry tools, wiÛ help the manager to 
decide among the alternatives for 
treating the forest on the basis of the 
best projections of the results of a 
decision. 

In the 21st century, computers will 
provide increasingly valuable assist- 
ance to the forest land manager in 
analyzing the data necessary to per= 
form inventory, appraisal, economic 
analysis, management planning, har- 
vest scheduling, pest management, 
regeneration, and other tasks. These 
models of the future will make it pos- 
sible to comprehend and analyze the 
complex biological and economic rela- 
tionships found in the forest. As a re- 
sult, forest land-management deci- 
sions wiH be easier, better, and based 
on the best available scientific 
knowledge. 

DBcisioñ'Support 
Systmms 
Currently, computer applications in 
forestry are typically data-processing 
oriented; that is, data are processed to 
provide information used to make a 
decision. For example, a manager cal- 
culates the volume of timber on an 
area as a basis for planning and im- 
plementing a harvest schedule. In the 
future, however, computers will be 
used more to analyze the processed 
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